Introduction: To present a rare occurrence of coronary sinus atrial septal defect (ASD) associated with total anomalous pulmonary venous connection (TAPVC). Case Report: A 16-year-old girl was diagnosed with features of an atrial septal defect (ASD) by transthoracic echocardiography and the absence of PLSVC (persistent left superior vena cava) connection to coronary sinus was confirmed by saline contrast echocardiography ("bubble study"). Discussion: The cause of the dilated coronary sinus was due to total anomalous pulmonary venous connection. Conclusion: Coronary sinus atrial septal defect (ASD) is a rare interatrial shunt that is commonly associated with a persistent left superior vena cava (PLSVC) and occurs in less than 1% of cases of ASDs. It is characterized by the absence of at least a portion of the common wall that separates the coronary sinus and left atrium. Isolated defects are associated with low rate of morbidity and mortality.
Introduction
Coronary sinus is usually not dilated on echocardiography. Anomalous venous drainage into the coronary sinus either directly or through a persistent left superior vena cava (PLSVC) is one of the etiologies for a dilated coronary sinus [1] .
Mild dilatation occurs in patients with poor left ventricular systolic function, greater dilatation in persistent LSVC and huge dilatation (Giant coronary sinus) occurs in PLSVC associated with absence of a right superior vena cava. The conditions associated with dilated coronary sinus are shown in Table 1 given.
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Review of Literature
Mantini's et al. proposed four categories of CS anomalies as enlarged CS, absent CS, atresia of the right atrial CS ostium and hypoplasia of the CS [2] . The enlarged CS category has two subtypes-subtype A (without left-to-right shunt) and subtype B (with left-to-right shunt). Mantini postulated that a connection between the LA and CS may serve to drain the CS in RA (right atrium) ostial stenosis. Eliot, et al. [3] described a fibrous band that narrowed the right atrial ostium of the CS. Scheller et al. presented a case of CS with two outlets, one to the RA, and the other to the LA [4] .
Unroofed coronary sinus was first described by Raghib and colleagues in 1965 with the findings of left SVC drains into the left atrium, an ASD (which lies in the postero-inferior angle of the atrial septum and above the postero-medial commissure of the mitral valve and separated from the mitral valve by a small amount of septal tissue-the defect is considered as a true defect of a specific tissue) and absent coronary sinus which are collectively termed as "Raghib complex or syndrome" [5] . In unroofed coronary sinus, there is a direct CS to LA communication through a wall defect and the CS is usually enlarged.
Total anomalous pulmonary venous connection (TAPVC), a very unusual malformation of the heart was published by Philosophical Transactions of the Royal Society in London in 1798 [6] . It represents 2% of all congenital heart defects and 100 cases of anomalous pulmonary venous connections were reported in 1942 [7] . 
Case Report

Discussion
Coronary sinus is a systemic venous structure embryologically derived from the veins due to impaired development of partition between the left atrium and coronary sinus, i.e., subsequent dissolution of this partition [8] , the roof coronary sinus either partially or completely. It results from imperfect or complete failure from developmental failure of the wall between the left atrium and CS. It is the rarest type of atrial septal defect [9] [10] in which the anterior wall of coronary sinus was deficient and therefore allowed an interatrial communication [11] .
The anatomic abnormality is variable and classified into four types by Kirklin and Barrat-Boys [12] as shown in Table 2 .
No specific risk factors or known teratogens have been associated with coronary sinus ASDs. It may be observed most often in association with atrial situs abnormalities and heterotaxy syndromes with polysplenia or asplenia. No other genetic syndromes are known to be associated with coronary sinus ASDs.
In TAPVC (total anomalous pulmonary venous connection), the pulmonary veins connect directly to the systemic venous circulation via persistent splanchnic connections and results from the failure of the transfer of pulmonary venous drainage from the splanchnic plexus to the left atrium in the normal developmental sequence. Four types have been described as supracardiac, cardiac, infracardiac and mixed by Darling et al. [13] . Cardiac type TAPVC occurs in 25% of cases in which the pulmonary venous confluence drains into the coronary sinus or directly to the right atrium.
Echocardiographic Features
Transthoracic echocardiography is the most widely used imaging modality to visualize the coronary sinus. In parasternal long axis view, the coronary sinus is represented by a small sonolucency at the posterior left atrioventricular (AV) junction and moving with cardiac motion. In this view, the coronary sinus is anterior to and quite separate from the larger, the more posterior sonolucency of the descending thoracic aorta as shown in Figure 3 which is fixed and not move with cardiac motion. It has been suggested that there is a symmetric distension of coronary sinus in elevated right heart pressures and in persistent LSVC, it maintains its oval shape with an eccentricity index of <0.8 [14] . The normal CS caliber is 8.7 ± 2.5 mm. In this patient, the CS is dilated and its caliber was 17.6 mm as shown in Figure 6 . The dilated coronary sinus is sometimes the initial echocardiographic abnormality detected and this finding should always prompt a search for anomalous pulmonary venous drainage. Dilated coronary sinus is the most common echocardiographic finding of a PLSVC and the diagnosis is then confirmed by saline contrast echocardiography ("bubble study").
After agitated saline injection into a left-sided brachial vein, bubble contrast appears in the right ventricle as shown in Figure 12 , suggesting the absence of PLSVC draining to coronary sinus. When agitated saline is injected into a rightsided brachial vein, the echo contrast enhances the right ventricle before the CS, Table 2 . Types of unroofed coronary sinus. thus confirming a normal right SVC [15] as shown in Figure 13 . A negative contrast effect in the right atrium as shown in Figure 14 indicates a left-to-right shunt via secundum defect [16] . An unroofed coronary sinus draining into the left atrium (right-to-left shunt) was shown in Figure 5 Obstructive TAPVC may present with pulmonary edema or severe hypercyanotic episodes and it is more common in infradiaphragmatic type. A continuous non-phasic pulmonary venous flow is characteristic of obstruction in TAPVC.
In this case, the continuous flow is phasic as shown in Figure 11 suggesting a non-obstructive flow pattern.
Management
Medical Therapy
No specific medical therapy is necessary and Intervention is not required in asymptomatic patients.
In patients with TAPVC to coronary sinus, if pulmonary venous obstruction occurs, the hypercyanotic episodes are treated with pulmonary vasodilators such as inhaled nitric oxide, lower-dose magnesium sulphate and PGE 1 (Prostaglandin E 1 -alprostadil IV). Pulmonary edema is best treated with surgical relief of obstruction, but diuretics, assisted ventilation with high fraction of inspired oxygen (FIO 2 ) and end-expiratory pressure are often helpful.
Catheter Therapy
Transcatheter device closure is not considered a feasible option for coronary sinus ASDs due to its proximity to tricuspid valve and conduction system and a lack of adequate tissue rim for device seating [17] . Klijima et al. reported success in two cases and the orifice of coronary sinus was closed using the Amplatzer septal occluder without any complications in isolated defects [18] . Successful closure is possible in small coronary ASDs [19] . However, St. Jude Medical's Amplatzer atrial septal occluder may cause tissue erosion and leads to problems such as cardiac tamponade.
No catheter-corrective therapy is possible for TAPVC (total anomalous pulmonary venous connection).
Surgical Therapy
Surgical closure in childhood is recommended for CS-ASDs similar to secundum defects. Indication for surgery in small defects are controversial, but the risk of paradoxical embolism and cryptogenic stroke remains. Severe pulmonary hypertension (pulmonary vascular resistance (PVR) > 15 Wood units is a contraindication for surgical repair.
Surgical treatment is complicated by its proximity to AV node and sutures must be placed close to the superior rim of the defect and therefore patch repair (pericardial patch or bioprosthetic material) is recommended. The mortality from surgical closure of coronary sinus ASDs appear to be low [20] .
In TAPVC, the goal of surgery is to redirect pulmonary vein flow to the left atrium. In cardiac connection (to coronary sinus), the atrial septum is resected partially and a new septum is surgically created, directing pulmonary veins to the left atrium. The coronary sinus may be separately tunneled to the right atrium or left to drain with pulmonary veins to the left atrium which may be preferred in this girl.
Screening of Population
A SVC (superior vena cava) type total anomalous pulmonary venous connection (TAPVC) was found by echocardiographic imaging in a 6-year old girl as shown in Figure 15 and Figure 16 and the right atrium is grossly dilated. A coronary sinus ASD with TAPVC was detected in a newborn as shown in Figures 17-22 and the right atrium is not much dilated as in Figure 15 and Figure 16 
Conclusion
Coronary sinus ASD is a rare congenital anomaly which might be difficult to di- agnose [21] and it has been observed in patients with isolated secundum ASD [22] . A coronary sinus defect without an associated PLSVC (persistent left superior vena cava) is rare. It is not a true defect of the atrial septum [23] and its . Apical four chamber view showing the coronary sinus type total anomalous pulmonary venous connection in a newborn and a secundum ASD (atrial septal defect). Right atrium (RA) is not dilated and thus differentiated from superior vena cava type total anomalous pulmonary venous connection (SVC type TAPVC) as shown in Figure 15 and Figure 16 in which the right atrium is grossly dilated. physiology is similar to other ASDs. Interatrial communication is through the mouth of the coronary sinus, which is located below and posterior to the fossa ovale and Imaging plays a crucial role in the diagnosis. A coronary sinus with partially unroofed terminal portion (Type IV) was found by transthoracic echocardiography, it is dilated due to total anomalous pulmonary venous connection (TAPVC) rather than PLSVC and constituting a cardiac type TAPVC to coronary sinus in a 16-year old girl.
